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 for ‘the \
hh_hhmmw,”' o Bureau of Aeronautics, Navy Denartment
A FLIGET INVESTIGATION OF THE STABILITY -
| OF A TOWED BODY
By W. H. Phillips
SUMMARY
At the request of the Bﬁreaﬁ of Aeronautics, a towed
body was designed and built to meet certain spécifications
of size, welgzht, and étability. Flight tests were made to
determine whether the body met the stability specification,
whlch required that angular deviations in flight should be
less than *1°, This requirement for stability was met in
flight in smooth air, where pltching and yawing oscillations
of $0.4° and roliing oscillations of $0.8° were measured.
In rough alr angular deviations in piteh and yaw were some-
what larger than those specified, and rolling motlons were
consgiderably larger.
INTRODUCT ION o
The Bureau of Aeronautics required a towed body capable
of containing certain instruments that have the externél
dimensions shown on figure 1. It was desired that the body
should deviate from a fixed position less than +1° in pitch,
| roll; or yaw while in flight, and should have the ébility to
be lowered from and drawn up td aﬁ alrplane without pérforming

dangerous oscillations. The size and welght of the device



were to be kept to & minimum. Soecifically, it was required
that the body could be lowered through a door 2L inches wide.
A specisal %-inch diameter suspension cable welghing 0.185
pound per foot apnd a ball-bearing suspension pivot were
suppllied by the Bureau.

APPARATUS AND METHOD

A towed bﬁdy was designed to meet the specifications
(fig. 1); A‘full-scale model of the device was constructed
from balsa wood about 2 inches thick, ‘and the fins were
1émi£ated from a layer of plywpod sandwiched between ‘two sheets
of balsa wood falrad to an app‘ox mate NACA 000% airfoil
sectiqn, the_orglnates Tor wiilch are ziven on figure 1. The
exacf airfoil section used on the fins 13 not believed to
affeqt fhe behavior of the body. The construction used was
thought to represent approximately the weight -f a thinner
and denser material, such as plastic or plywood, that might
be used to bulld ths aztual instrument container.

The suspension cable piyot supplied by the Bureau was
similar to a giﬁbal frame and allowed the vody to rotate.
freely in pitch, roll, and yaw. In actual anplication, it
was con31der¢d des*rAble to place the »ivot point at the
center of graV1ty qf the body. In order to provide stabllity
in roll, the compon ient allowing freedom in roll was removed,
and, the cable for 6_inches'above the pivot was made rigid by

surrounding 1t with a piecce of steel tubing.
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Angular deviations in flight were measured by teking
ﬂpictures with an d-millimeter movie camera mounted in the
nose of the body ‘behind a. plexiglass window. ' A timer En
the alrplane, connected to the solenoid-operate¢ shutter of
the' ¢amera through oonductors contained in the cable, tripped
‘the shutter at'%-Sécoﬁd intervals. |

The weight of the body complete wlth camera and a small.
amount of ballast was 25 pounds. A ohotograph of the body
1s shown in figws 2. The installation of the camera in the
nose is shown in'figufe 2.

The flight tests were made by lowering the devide from
a rack (fig. L) beneath the cabin door of a.small twine
engined, 1ow-wing cabin monoplane. _A:hand-oporated reel
'wéS'employed to. let out and take in the suspension cable.
The cable was celieved to be located outside the slipstream
of the propellers except perhans for the first few feet of
1ts length.

RESULTS

The first flight ylelded no photograohic records, but
it was foundlthat the body couldAbe lowered from and drawn
up to the rack without difficulty. The device was observed
to ride up at an angle about 30° from the vertical on this
flight, Examiv:tion of the fins revealed that. they were
'warped. For this reason, a small tab, shown on figure 2,

was added to the trailing edge of the fin and offset 31ightiy
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to counteract the fin angle. - On subsequent flights the body
hung almost vertically-'below the‘airplané%-~ The tab is not
believed to have any important effect on the stability of the-
body.

. Records were obtalned on the next two flights, one in
rough alr and one in smooth alr.  Approximately 100 Peet of
cable were let out on these runs. Typiéal sets of frames-
from the motion picture camera are shown in figure 5,

Although hagze prsvented a clear picture of the horizon,
objects on the lsndscape could be used 'as reference points
tb measure the motion of the body.

Time histories of the motion of the body in.roﬁgh air
are given in figure 6. In spite of the violent motions of
the airplane, the body oscillated less than 2% in pitech and
vaw, The. rolling motlion was considerably greater, however.
The body oscillated through an amplitude of about +10°.

This oscillation is simply a side-to-side pendulum motion of
the whole cable system. Inasmuch as the lateral motion of
the body was probably not much greater than the lateral motion
of the alrplane ftself, it 1s difficult fto ses how this ampli-
tude could be reduced.

Tt will be noted that the equilibrium angle of roll of
the body was not cxactly zero. The body -and nable were
observed to ride off to one side slightly. This tendencj-was
attributed to incorrect adjustment of the tab, and would not

occur in a symmetrical body.
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In smooth alr, the body was very steady. A4s shown in
| figure 7, the amplltudes of the pitching and yawing oscilla-
tions were less than +0.1°, almost too small to detect. The
rolling oseillation had an'amplitude.of about *0, 8°, The
body therefore m@ets the requirements for stabllity SO 1ong
ags the alirnlane flles steadily. Although me asurements weve
made only with a cable length of 100 feet, the behavior of
the body'appééred to be essentiélly the same for shorter o
cable lengths.

‘The tenaloi in the nsable at 160 miles per hour was
55 pounds. Tiils wvalue compares with the welght of the
bomb and cablz of about Iy nounds, Decavise tests show that
the air forces zet almost normal to the elements of the cable,
the tension would not be expected to increase much with
increasing znecd,.

The angle made by the cable with the horizontal at its
point of attachment to the alrplane was not measured, wut
it appeared to vary betwesn ahout 20° and 10° as the speed
increased from 100 to 160 wmiles per hour. The cable thus
trailed almost straight back at high speed. The pbody itselfl
hung sulficlently far below 1ts attachment to avoid coming
into the wake or slipstregm of the slrplane.

Because 1t 1s considered deslirable to keep the span of
the fins on‘the body as smell as possible, further tests are

planned 1n which the span of the fins will be reduced and the
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pivot poiht moved forward to preserve directional stabilify.
The results of these tests will Dbe presented4at a later date.
" CONCLUSTONS ' |
1. The. towed body desribed in this report was found to
geet the requirements For stability.  In smooth air, the
amplitudé of pitching and yawing coscillations was less than

+0.1,°, and the amplitude of rolling oscillations was less

than 0,89, Theze measurements were made with a cable length
of 100 feet. The body performed no violent motlons while

being lowered from or drawn up to the airplahe,
2 In rough 2ir, the angles of pltch and yaw varied

by about ¥2° and the anule of roll about *10°,
y &

Langley Memorlal Acronautical Laboratory
Mational Advicory Committee for Acronautics
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Figure 2.-

Photograph of towed body.




Figure 3.- Installation of camera in nose of towed body.
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Figure 4.- Towed body mounted in rack on airplane.
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Figure 5.- Enlarged reproductions of typical records taken
with 8 mm camera. Frames are at 1/2-second intervals.
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